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GENETIC IDENTIFICATION OF MANAGEMENT UNITS FOR WATERSHED- 
DEPENDENT SPECIES OF SPECIAL CONCERN 

EXECUT~~E SUMMARY 

Land-use decisions involving watersheds often require trade-offs with respect to which areas to 
conserve, develop, or restore. When threatened species are involved, setting priorities can 
become very complex. Here we propose the use of molecular genetic information in order to 
better identify and prioritize populations and watersheds for conservation and management. 

An essential precursor to managing species is the ability to identify the spatial scale at which 
they should be managed. Most Central Valley species of special concern have fragmented 
distributions stemming from alterations of the landscape, whether natural (e.g., flooding rivers) 
or human-induced (e.g., urbanization or agriculture). These patterns of fragmentation have 
important management implications. Without knowing how populations are connected (both 
demographically and genetically) it is impossible to identify the spatial scale at which they 
should be managed. Some remnant populations may represent unique genetic units and be high 
conservation priorities; alternatively some small populations at risk of extirpation may be 
genetically similar to larger, stable populations elsewhere and therefore represent lower 
conservation priority. Because demographically independent populations should be managed as 
separate units, accurate identification of these units is essential. 

Molecular-genetic techniques have been shown to be of great utility in identifying population 
units for management and have been proven to provide essential data for making informed 
conservation decisions. We propose to use two complementary molecular markers to elucidate 
the genetic structure of Central Valley populations and to identify corresponding management 
units for eight species of conservation importance in the Central Valley: three amphibians, one 
reptile, and four passerine songbirds. We will use the resulting genetic i n f o k t i o n  to propose 
management units for these watershed-dependent species. Species were selected both for their 
conservation importance and their preference for critical habitats, including Riparian, 
Grasslands, Wetlands, Vernal Pools, and Aquatic habitats. Due to the breadth of organisms 
targeted, the study will offer a model for determining management units across taxa - both 
aquatic and terrestrial - in the Central Valley. Specifically, by taking a cross-species approach 
we hope to identify concordant patterns that will aid managers in making informed conservation 
decisions that maximize the biodiversity of the region as a whole. 

The proposed research is a cross-disciplinary effort requiring expertise in both mo!ecular 
genetics and the field ecology and natural history of our target taxa. To this end we have 
assembled an accomplished group of scientists with relevant expertise from three institutions: 
San Francisco State University, the University of California-Davis, and the Point Reyes Bird 
Observatory. 
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PROJECT DESCRIPTION 

PROBLEM AM) CONCEPTUAL MODELS 
An essential precursor to managing species that depend on riparian habitat and waterways is to 
identify the spatial scale at which they should be managed. Most Central Valley species of special 
concern have fragmented geographic distributions stemming either from natural disjunctions in 
population structure or, more commonly, from anthropogenic causes. Patterns of fragmentation 
have important management implications. Genetically isolated sets of populations may exhibit 
strikingly different demographic trends, and may differ greatly in their levels of connectivity. The 
complementary concepts of Evolutionary Significant Units (ESUs), Management Units (MUS) 
and metapopulation dynamics address this issue from different perspectives, but all are based on 
the fundamental understanding that evolutionarily isolated populations exist in demographic 
isolation, whereas metapopulations exist as interconnected sets of subpopulations with strong 
demographic connections. Because demographically independent populations should be managed 
as separate units (Moritz, 1994), accurate identification of those units is essential (Moritz, 1994, 
Smith and Wayne 1996, Shaffer et al., 2000). 
The primary goal of this study is to test competing hypotheses about the relative importance of 
geographic distance versus geographic barriers in producing population structure, and to then use 
the resulting genetic information to propose management units for a set of eight watershed- 

Valley species exhibit an unknown level of connectivity with other such populations. Defining 
dependent vertebrate species of concern. Many disjunct or fragmented populations of Central 

management units by following the movement of individuals by radio-tracking or using mark- 
recapture techniques is often impractical or impossible, particularly over a broad geographic scale 
(e& Trenham et al. in press; Trenham et al., submitted). An alternative, powerful, and efficient 
method of identifying population structure is to assay genetic markers that vary on both macro- 
and micro- geographic scales. Such genetic markers provide a means of determining the 
boundaries of local populations, assessing the genetic distinctiveness of populations, and linking 
the regional population dynamics of local populations. Genetic markers can thereby inform 
management decisions by providing critical information on such demographic issues as source- 
sink dynamics and metapopulation structure. 
The use of molecular markers has become a standard method for the examination of population 

conservation decisions (Smith and Wayne 1996, Avise and Hamrick 1996; Smith et al. 1993, 
structure, and genetic techniques have provided essential data for making highly informed 

Girman et al., 1993; Edwards, 1993; Quinn, 1992; Wayne et al., 1994; Wenink et al., 1994; Zink 
and Dittman, 1993, Shaffer et al., 2000). Importantly for threatened species, the application of 
genetic markers to large-scale assessment programs has been fostered by recent technological 
advances that allow DNA to be obtained non-destructively from sources such as toe-clips or 
feathers (Taberlet and Bouvet, 1991; Morin and Woodruff, 1996), and that allow the rapid and 
efficient genotyping of hundreds of individuals. 
We propose to use two complementary molecular markers to elucidate the genetic structure and to 
identify corresponding management units for eight species of conservation importance in the 
Central Valley: three amphibians, one reptile, and four passerine songbirds (see Figure 1 for current 
sampling locations). Our molecular approach includes the analysis of mitochondrial DNA (mtDNA) 
control region sequence and the analysis of hypervariable di- or tetra-nucleotide repeat regions 
(microsatellites). Such genetic markers are powerful management tools because they provide 
essential information on patterns of recent demographic exchange, information particularly 
important for assessing the effects of anthopogenic changes on demographic processes and the 
ability of a species to recover from environmental perturbation and maintain viable populations in 
areas where habitat restoration is underway (Nur and Sydeman 1999). Population specific 
demographic information is also needed to link local and regional population declines with their 
underlying causes such as pollutants, deforestation, fragmentation, and land use trends (Hartshorn, 
1992; Terborgh, 1992; James and McCulloch, 1995; Davidson and Shaffer, in press). Furthermore, 
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Figure 1. Locations of existing sampling stations for genetic samples andor 
demographic monitoring of the eight focal amphibian, reptile, and bird 
species. 
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our study of important indicator species will serve as a model for the establishment of Management 
Units for a range of taxa across California’s Central Valley. 

SPECIFIC OBJECTrVES 
To characterize spatial population structure in Central Valley amphibians, reptiles, and songbirds 
to provide resource mangers with information linking population structure with demographlc 
processes. Specifically, we propose : 
1) to characterize the boundaries and connectivity of distinct population units in three Central 
Valley amphibian species, one reptile, and four riparian songbird species; 
2) to test whether Central Valley populations show a pattern of “isolation by distance,” and, if so, 
to determine whether distance should be measured as watercourse distance or as straight-line 
distance. These data will allow us to test competing hypotheses about the relative roles of 
geographic distance and demographic connectivity (such as dispersal along or between drainages, 
or between fragments of riparian habitat) in determining Central Valley management units. 
3) to assess whether subsets of these amphibian, reptile, and songbird species exhibit congruent 
patterns of genetic variation such that they could be managed in concert, and also validate a 
strategy for investigating management units in other Central Valley taxa with similar 
distributions and dispersal capabilities; and ultimately 
4) to provide explicit recommendations on which local populations should be considered distinct 
Management Units. The form of these recommendations will depend upon the type of genetic 
structure found in each species. For example, if population structure tracks drainage patterns 
rather than simple geographic distance among sampling sites, then the restoration and 
maintenance of particular riparian corridors will be important for species management. If 
distance or dispersal barriers better defines Management Units, then habitats connecting these 
areas must be maintained to ensure the longer-term viability of these species. For all species, 
these recommendations will also incorporate information on demographic processes and 
anthropogenenic stressors from ongoing monitoring projects. 

STUDY SPECIES 
Amphibians and Reptiles: Amphibians and reptiles are generally low-vagility animals with 
highly subdivided populations and deep genetic differentiation over small spatial scales (Shaffer 
and Breden, 1989; Shaffer et al, 2000). We have chosen our four target species (one reptile, 
three amphibians) because 1) they represent the extremes of how these animals interact with the 
aquatic landscape of the Central Valley and adjacent watersheds, and 2) they are exemplars of 
the overall trend of declining amphibians and reptiles in the Central Valley (Fisher and Shaffer, 
1996; Jennings and Hayes, 1994). Two of the species are found primarily in flowing streams and 
associated riparian habitats, while the other two are found in vernal pools/ponds of the Central 
Valley and surrounding foothills. Taken together, our target species are primary inhabitants of 
several key habitats associated with the Central Valley project, including Riparian, Grasslands, 
Wetlands, Vernal Pools, and Central Valley Aquatic Habitats. 

Western Pond Turtle, Clemmys murmorutu: Historically distributed in most Pacific slope 
drainages throughout California, Oregon and southern Washington, C. murmorutu is now 
informally considered endangered or threatened over all of its range (Jennings and Hayes, 
1994), although it is not currently listed under the Endangered Species Act. Clemmys 
murmorutu is the only native freshwater turtle in California, and is considered a Species of 
Special Concern by the California Department of Fish and Game. It is restricted to slow- 
moving riverine systems, including low-gradient streams with appropriate adjacent upland 
habitat for basking and egg-laying (Holland, 1991a). Clemmys murmorutu still occurs in most 
streams and rivers from sea level to 1430 m elevation (Holland, 1992). Identification of 
management units for this highly impacted species is particularly critical since juvenile 
recruitment appears to be low to non-existent in many areas, and remedying this situation 
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requires intensive on-site management of nesting sites, including nest predators (Jennings and 
Hayes, 1994). Because the Western Pond Turtle is restricted to riverine habitats, but travels 
many hundreds of meters to nest and overwinter (Storer, 1930), it is unclear whether gene flow 
occurs exclusively along river channels, or whether overland movement leads to genetic 
interchange of populations across drainage systems. Preliminary population genetic results 
based on mitochondrial DNA sequence data (Janzen, Hoover and Shaffer, 1997) and DNA 
fingerprinting (Gray, 1995) detected relatively little genetic differentiation among pond turtle 
populations, although some differentiation was found between Sacramento river and San 
Joaquin drainage populations (Janzen, Hoover and Shaffer, 1997). It seems clear that rapidly- 
evolving microsatellite loci will be necessary to define management units in this critically- 
sensitive species. 
Foothill yellow-legged frog, Rana boylii. This stream and river-dwelling species was once 
common in foothill and mid-elevation watersheds below 1800 m throughout California, but 
currently has declined over a significant portion of its range (Jennings 1996). It is still present 
in most populations, although numbers of animals are often reduced from previous levels. 
Rana boylii is considered to be endangeredthreatened in some parts of its range (Jennings and 
Hayes, 1994), and is considered to be a Species of Special Concern by the state of California 
throughout its range. Although reasons for declines have yet to be fully documented, water 
diversions and darns affect downstream habitats for frog breeding and tadpole rearing as well 
as creating unsuitable habitats (reservoirs) upstream that may act as barriers to dispersal (Lind 
et al. 1996). Because it is completely restricted to flowing stream habitats, R. boylii is a 
candidate for deep genetic differentiation among drainages with relatively little overland gene 
flow. Preliminary data for populations from several coast range and Sierra foothills 
populations indicate that significant genetic variation exists in the mitochondrial cytochrome b 
gene (Shaffer, unpublished data), although we currently have no idea how that variation is 

mitochondrial DNA and microsatellite loci should provide a clear picture of population 
structured within and among streams and creeks. Based on our preliminary data, both 

substructure and management units in this species. 
California Tiger Salamander, Arnbysroma californiense. This species is a vernal pooUpond 
endemic, restricted to the Central Valley, foothills up to about 1000 m elevation, and the inner 
coast range from Sonoma to Santa Barbara counties. It has been a candidate for listing under 
the Endangered Species Act since 1992, and is treated as a Species of Special concern by the 
state of California. Populations identified as a genetically-defined management unit from 

USFWS in April, 2000. We are completing a very large (82 populations, approximately 700 
Santa Barbara county by the Shaffer lab were protected under an emergency listing by the 

individual salamanders) survey of A. californiense from throughout its range for the 
mitochondrial DNA control region, and are using this data set to define management units for 
both state and federal agency biologists. Although our mitochondrial DNA demonstrates 
strong patterns of differentiation among some units, particularly from Sonoma and Santa 
Barbara counties, it appears to be evolving too slowly for clear diagnosability of populations 
from the main Central Valley portion of the range. Some hints of geographic substructure 
exist, particuiarly between inner coast range population units from San Francisco to Monterey 
and the remainder of the species, suggesting that multiple management units may well exist 
within the main bulk of the species. Given the extreme interest in vernal pool inhabitants in 
general, and of this species in particular (Jennings and Hays, 1994; Barry and Shaffer, 1994; 
Shaffer and McKnight, 1996), we consider the complete delineation of management units with 
microsatellite loci to be critical in this species. It will also provide us with a clear set of results 
on patterns of genetic differentiation among populations of a low-vagility, vernal pool endemic 
that can be used to generate predictions for co-distributed species of plants, invertebrates, and 
amphibians, many of which are threatened or endangered. 
Western Spadefoot, Scaphiopus hamrnondi. This species of frog is the most extreme vernal 
pool specialist in the Central Valley region, and is !argely co-distributed with the California 
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Tiger Salamander. The species is considered to.be threatened by Jennings and Hayes (1994). 
and is a designated Species of Special Concern by the State of California. Because of its very 
rapid larval development time (about three weeks, Feaver, 1971), S. hammondi occupies 
smaller, and more ephemeral vernal pools than A. culiforniense, although it is also found in 
large vernal pool complexes. The genetic relationships of populations of this species are 
completely unknown, leading Jennings and Hayes (1994, p. 96) to state that "The biggest gap 
in current understanding of S. hummondi relates to its population structure.." We view the 
Western Spadefoot as particularly important, since it provides the opportunity to quantify 
management units of an endemic species that utilizes both large vernal pools (and thus 
replicates the California Tiger Salamander) and small, ephemeral vernal pools that are critical 
to many plant and crustacean populations. Although we have accumulated tissue samples from 
a broad spectrum of sites across the range of this species (about 80 sites and over 1000 
individuals), no molecular work has yet been done on the species. We envision using both 
mitochondrial DNA and microsatellite loci to quantify population substructure in the westem 
spadefoot. 

Birds: Riparian bird species breeding in the Central Valley region have experienced striking 
population declines and extirpations (Gaines 1977, Griggs and Small 2000). This region has 
undergone drastic land use changes in the past 150 years; 90% of the historic riparian habitat in 
the Central Valley is now gone, adversely affecting the many bird species that are reliant on this 
productive,habitat. Habitat degredataion in the Central Valley has particularly affected riparian 
species (e.& the Least Bell's Vireo, Yellow-billed Cuckoo, and Yellow-breasted Chat). The 
species that remain are fragmented to different degrees, but the effect of this fragmentation on 
patterns of demographic exchange among local populations is unknown. 
Three of our avian target species are Neotropical migrants dependent on riparian habitat and one 
is a colonial, marsh-nesting blackbird that is endemic to the Central Valley. These species are 
the subjects of past and continuing study (partially supported by CALFED) by the PRBO at a 
number of sites Central Valley watershed, and therefore extensive population-specific 
demographic information is available on them. The demographic data indicate that source-sink 
dynamics are a critical consideration for effective management (e.g., see Yellow Warbler 

Riparian Habitat Joint Venture and the California chapter of Partners in Flight., and recent 
description below). All four taxa have all been designated focal species of interest by the 

studies have demonstrated that their presence is a reliable indicator of riparian health and 
therefore a good gauge of restoration success (Nur et al., in press; Griggs and Small, in prep.; see 
also the Riparian Conservation Plan of the Riparian Habitat Joint Venture at www.prbo.org). 

Yellow Warbler, Dendroicu petechia. Broadscale mtDNA-based surveys (Klein and Brown, 
1996; Lovette and Bermingham, 1999) have found substantial differentiation among Yellow 
Warbler populations, and microsatellite surveys have identified extensive allelic diversity within 
local populations elsewhere in North America (Dawson et al. 1997). The Yellow Warbler is of 
special interest owing to its dramatic decline over the past century and local extirpation along 

Warbler is also extirpated from the San Joaquin River. Though historically Yellow Warblers 
much of the mainstem of the Sacramento River (Griggs and Small, in prep). The Yellow 

were common throughoutthe Central Valley (Grinnell & Miller 1944) and large populations 
persist at middle elevations in the watershed, at present there is but a tiny remnant population 
along the Sacramento River meander belt. This population experiences high nest predation rates, 
suggesting that either the population will soon go extinct, or that its existence is maintained by 

effects' are necessary for maintaining viable populations of riparian species is information of 
immigration from surrounding regions. Genetic information on the extent to which such 'rescue 

crucial management importance. The genetic information provided by this study will also assess 
whether the remnant meander belt population is a distinct genetic entity. 
Common Yellowthroat, Geothlypis trichas. This species is a California Species of Special 
Concern. Numbers are thought to be greatly reduced compared to historical levels, though it is 
still found as a breeder in both the Sacramento and San Joaquin River valleys. It nests primarily 
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in tall emergent-wetland vegetation, but will also nest in tall emergent upland vegetation. It 
prefers marshy areas, as well as early successional, shrubby riparian habitat. 
Black-headed Grosbeak, Pheucticus melanocephalus. Currently, nothing is known about the 
micro- or macro-scale genetic diversity of this species. The Black-headed Grosbeak is of special 
management interest because statistical analyses by the Point Reyes Bird Observatory (Geupel et 
al. 1996) indicate that this species has low productivity coupled with high adult survival. This is 
an unusual demographic pattern among migratory songbirds, one in which dispersal and philopatry 
may exert a particularly strong influence on local population dynamics, and in turn, on genetic 
structure. Population numbers appear stable. Nests are often located in willow, alder, box elder, 
or ash, and the species prefers semi-open canopy with moderate shrub cover (Griggs and Small, in 
prep.). 
Tricolored Blackbird, Agelaius tricolor. The Tri-colored Blackbird is one of only two bird 
species endemic to the Central Valley and adjacent coastal California. Owing to its restricted 
distribution, it is a species of conservation importance and is listed as a California Species of 
Special Concern, but no information is presently available on the genetic diversity of this 
species. Abundance of this species has declined by more than 80% since the 1930’s, with losses 
of colonies in the Sacramento and San Joaquin River valleys accounting for much of this decline. 
Tricolored Blackbirds breed in large, dense aggregations, but their breeding colonies move from 

emergent cattails and tules. Successful nesting requires proximity to productive sources of insect 
year to year. Colonies are especially dense in the Central Valley. They prefer marshy areas with 

food and protection from nest predators. 

ANALYTICAL APPROACH AND HYPOTHESES 
Our basic strategy is to collect and analyze population samples that will allow us to 
simultaneously address three questions for each species: 
Question I. Is the entire Central Valley watershed a single or multiple ESUs? As a 
consequence of historical isolation, populations may have different “evolutionary potential” from 

(ESUs) is most often based on mitochondrial DNA (mtDNA) divergence (Moritz, 1994). 
one another (Moritz, 1994). Genetic identification of these Evolutionary Significant Units 

For amphibians and reptiles, we will develop PCR primers for the mtDNA control region, and 
use a combination of direct sequencing and outgroup heteroduplex to score 10-20 individuals peI 
population. Using a similar strategy, our ongoing analysis of A. californiense has led to the 
recognition of at least three ESUs within this species, two of which (Sonoma and Santa Barbara 
counties) are critically imperiled. The USFWS has emergency listed the Santa Barbara tiger 

providing sufficient habitat for all genetically defined units so that the species can be de-listed, 
salamander, and we are now developing on-site management strategies with the goal of 

and landholders can continue with responsible land stewardship and use in the future. 
The greater dispersal capabilities of avian species mean that it is less likely that the deep mtDNA 
divergences characterizing ESUs will be found at the geographic scale of the Central Valley. 
However, our work on other migratory songbirds has revealed that ESUs can be detected on a 
larger geographic scale (Mila et al., 2000, Kimura et al., in prep), and the known morphological 
variation (and associated subspecific distinction) within some of our focal taxa suggest that the 
Central Valley might contain multiple ESUs of some avian species. We have already developed 
and optimized the necessary avian mtDNA PCR primers for use in avian population screening. To 
determine whether more than one ESU is present within each species, we will screen multiple 
individuals from all widely separated sampling sites using mtDNA. However, if the more likely 
scenario of a single Central Valley ESU holds, then management efforts should target 
demographic enhancements on a regional scale, rather than the preservation of genetic biodiversity 
on a population-specific basis. 
Question 11: What is the relationship between genetic divergence and geographic distance 
among sites for each species? We propose to examine this question at two spatial scales, to 
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evaluate two distinct management goals. First, we ask what the relationship is between genetic 
and geographic distance over a spatial scale of tens to hundreds of kilometers within each species. 
For this question, we will use both mtDNA and more rapidly evolving microsatellite loci, and the 
samples collected for goal #1 above. If no significant variation is found within an ESU, then we 
would argue that there are no clear management units within each ESU, leading to management of 
sensitive species and reserve design at the ESU level. If significant substructure is found, then 
more localized, on-site management is the strategy of choice. We will also examine this at a fine 
spatial scale, since amphibian and reptile populations can be very finely substructured with little 
apparent gene flow among local populations whereas birds may show a pattern of isolation-by- 
distance. For this aspect of the work, we will identify three replicate regions (ESUs if they exist, 
or geographic regions if they do not) for each species, and collect tissue samples at I-lOkm 
intervals along replicated transects. Based on our previous work, amphibian and reptile 
populations at such a spatial scale can be significantly differentiated--for example, in the montane 
toad B. canorus, populations in Yosemite and Kings Canyon National Parks were significantly 
differentiated over 2-5 km distances (Shaffer et al., 2000), implying that very little natural gene 
flow occurs among ponds, and that management should be at the individual pond level. 
Alternatively, based on mark-recapture data, the salamander A. calijomiense has high levels of 
migration among ponds over a five km distance in the inner coast range (Trenham et al., in press; 
Trenham et al., in revision), suggesting that individual breeding sites are less important than 
maintaining a few, large complexes of vernal pools in a region. In birds, fine-scale differentiation 
has been found for some taxa but not others (Brawn et al., 1996; Smith et al., 1997; Lovette et al., 
1999b; Clegg, 2000). 
For birds, the availability of detailed, species-specific demographic data will also allow us to link 
patterns of genetic population structure with local and regional demographic trends. The 
requisite demographic data are already in-hand and will be analyzed following Nur et al. (1999). 
Superimposing complementary genetic and demographic information on population connectivity 
will provide a unique, powerful, and management-relevant perspective on regional population 
dynamics and on the likely longer-tern viability of existing remnant populations. 
Question 111: Are river drainages significant MUS for each species? Because all of our target 
species are intimately linked to riparian, wetland, and/or vernal pool habitats, one potential 
structuring force is individual river drainages. However, before watersheds are used to identify 
potential management units, we consider it to be a cri:ical empirical question to quantify levels 
of genetic differentiation within and between drainages. Again, both mtDNA and microsatellite 
data will contribute to this analysis: Due to differences in life histories, mtDNA is likely to be 
most informative for amphibians and reptiles and microsatellites for birds. The information used 
to address questions I and I1 will provide an initial perspective on whether these taxa exhibit 
drainage-specific patterns of differentiation. To address this question more intensively, we will 
also choose a subset of three adjacent watersheds and collect five equidistant samples along 
each watershed from each amphibian and reptile species, and from the two bird species 
(Common Yellowthroat and Black-headed Grosbeak) with amenable distributions. This highly 
structured sampling scheme will allow us to partition the genetic variation among the set of 15 
sites into variation within and among watersheds, holding straight-line distance among sites 
roughly constant. In a similar analysis of watershed properties in the toad E. canorus, we found 
that watersheds were the primary structuring agents among ponds in the relatively mesic 
Yosemite region, but not for the drier Kings Canyon drainages (Shaffer et al., 2000). Based on 
the biology of our amphibian and reptile target species, we predict that the importance of 
drainage systems in defining management units should increase with increasing reliance on 
flowing water habitats, leading to R. boylii > C. marmorutu > A .  calijorniense = S. hammondi for 
the importance of drainages in defining management units. For birds, we anticipate that the 
species with the greatest philopatry and adult survival (P.  melanocephalus > G. frichas) will 
show the largest degree of drainage-specific structure in microsatellite frequencies. 
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IDELDSAMPLING - ' 

All samples will be collected under the appropriate state and federal permits, which are already 
in hand by the PIS as part of ongoing field studies. 
Amphibians and Reptiles: For each of our four amphibiadreptile species, we will collect from 

a minimum of 10 populations from the east side of the Central Valley (from 100-1000 m 
elevation), 10 populations from the west side of the Central Valley, I O  from the coast range 
(both west and east flowing drainages) and 10 from the Valley proper (less than 50 m 
elevation, grassland vernal pool or riverine habitat) for a total of 40 populations. These 
samples will provide the large-scale sampling necessary to evaluate the existence of ESUs at 
the landscape level of the entire Central Valley watershed. We will collect tissue samples 
from a minimum of 10 individuals per locality and a maximum of 50 individuals, based on 
simulation studies indicating that this is the optimal sample size for microsatellite analysis 
(Gaggiotti et al., 1999). We have already completed field sampling for the salamander A. 
californiense (> 80 populations, -2000 individuals) and the turtle C. mamorata (7 50 
populations, -3000 individuals), and have at least half of the necessary samples for the two 
anurans S. hammondi (-30 populations, 600 individuals) and R. boylii (15-20 populations, 
350 individuals). Additionally, fine-scale targeted samples will be collected to address the 
specific hypotheses outlined above. We will identify three replicate regions (ESUs if they 
exist, or geographic regions if they do not) for each species, and collect tissue samples for - 
20 sites at approximately 1-10 km intervals for a detailed analysis of geographic structure 
and isolation-by-distance. We will also choose three adjacent watersheds for each species 
and collect five equidistant samples along each watershed. This sampling scheme will allow 
us to partition the genetic variation among the set of 15 sites into variation within and among 
watersheds, holding airline distance among sites roughly constant. 

Birds: Owing to the restricted habitat affinities and anthropogenically fragmented distributions 
of our focal bird species, our sampling will necessarily target remnant populations on a 
species-specific basis. We anticipate sampling feathers from at least 15-20 birds from at least 

from locally breeding individuals (i.e., excluding migrating individuals passing through an 
10 sites spanning the full Central Valley range of each species. All samples will be taken 

area) or young from a known site. Sampling of Tri-colored Blackbirds depends on the 
availability of colonies (there may be fewer than 10 that can be sampled), however, a large 
number of samples can be obtained from each colony. 

We will collect data from both mtDNA and nuclear microsatellite markers for all eight focal species. 
LABORATORY TECHNIQUES AND ANALYSES 

The basic techniques for DNA extraction and amplification via the polymerase chain reaction are well- 
established in the Shaffer and Smith labs for a variety of species, including seven of our eight target 
species 3r their close allies (Shaffer and McKnight, 1996; Janzen et al., 1997; Shaffer et al., 1997; 
Smith et al., 1997; Lovette et al., 1998; 1999a; Lovette and Bermingharn 1999; Schneider et al., 1999; 
Shaffer et al., 2000; Shaffer et al., in prep; Shaffer, unpublished). We have worked with several 
segments of the mtDNA, including the non-coding and highly variable control region, the protein- 
coding cytochrome b gene;several tRNA genes, the non-coding control region, and a newly- 
discovered intergenic spacer. Our combined experience strongly indicates that for intraspecific work 
of the kind proposed here, the control region and associated spacers are the regions of choice, and we 
will work with them in all cases. For population-level .screens of hundreds to thousands of individuals, 
the Shaffer lab has pioneered the use of both single-strand conformation polymorphisms (SSCP, 
Shaffer et al., 2000) and outgroup heteroduplex analysis (OGH, Shaffer et al., unpublished). These 
techniques are relatively rapid screening procedures that allow us to examine small (SSCP) and quite 
large (up to 800'base-pair fragments for OGH) DNA fragments quickly and efficiently. Because it 
works on much larger fragments, we currently favor OGH, and will use this technique to initially 
screen samples for each species. We recently finished a large analysis of over 700 California Tiger 
Salamander samples with this technique, and found it to extremely reliable, sometimes at the single 
base pair level.. 
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Microsatellite loci will certainly be the molecules of choice for examining fine-scale population 
subdivision in amphibians and reptiles and are likely to be the most informative markers for birds 
on a more regional scale, particularly among populations that may be exchanging individuals at 
the present time. The use of microsatellite loci requires the development of species-specific 
microsatellite libraries; to reduce cost and increase efficiency, we will use a commercial vendor to 
create and screen libraries. We will then process samples in-house and run our then in AB1 377 
automated DNA sequencers (available at both UC Davis-and SFSU). By multiplexing three loci 
per lane per gel, microsatellites can be processed with highly efficient and cost-effective 
throughput. 
MtDNA sequence data will be analyzed both via an analysis of variance approach modified for 
molecular sequence data, to deduce the significance of the geographic divisions among local and 
regional population groupings (Excoffier et al., 1992; Chenoweth et al., 1998), and using 
standard tree-based phylogenetic methods (e.& parsimony and maximum-likelihood). 
Population subdivision at microsatellite loci will be assessed by quantifying differences in allele 
frequency distributions between sampling sites. Painvise comparisons of allele frequency 
differences between sampling sites will be conducted using a Monte Carlo approximation of 
Fisher’s exact test in GENEPOP version 3.1 (Raymond and Rousset, 1999). The magnitude of 

using the GENEPOP software. In this test, each individual is assigned to the sampling to which it 
any population subdivision will also be quantified via assignment tests (Paetkau et al., 1995) 

has the greatest likelihood of belonging, by comparing the genotype profile of the individual 
with the observed allele frequency distributions of each sampling site. The percentage of correct 
assignments for each sampling site can then be used as an indicator of the level of distinctiveness 
within each region. 

EXPECTED PRODUCTS AND DATA ACCESSIBILITY 
The results and implications of these studies will be presented in a number of complementary 
formats to target maneagement, scientific, and public constituencies. Our quarterly and annual 
reviews to CalFed will also be copied to the Upper Sacramento River Advisory Council, the 
Wetlands Ecosystem Goal Project, and NGOs associated with the PRBO, and will be posted on the 
WWW. We plan to present our work at both national scientific meetings and resource maneagement 
symposia, and to publish our completed results both in scientific journals and as explicit reports for 
resource managers. All nucleotide sequences will be permanently archived in publically-accessible 
databases (e& GenBank). Microsatellite frequency data will be included in the CalFed and 
published reports. 

WORK SCHEDULE AND PROJECT TIMETABLE 
Years One and Two 
Field Work-in each of the first two years, field teams from PRBO and UC Davis will conduct 
an intensive sample collection program targetting multiple populations of each focal taxon. 
Lab Work-Molecular techinques (including microsatellite libraries, which can be generated 
from samples already in-hand) will be developed during the first 18 months and screening of 
populations will commence as soon as the first field season is completed. 
Year Three 
Lab Work-Molecular genetic analysis of remaining samples will be completed. 
Data Analysis and Management Recommendations-Computer-based population genetic and 
phylogenetic analyses will be completed for all populations of all taxa. Manuscripts will be 
prepared for submission to scientific journals, and management reports for each species prepared 
for CalFed. 
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APPLICABILITY TO CALFED ERP GOALS AND IMPLEMENTATION PLAN 
AND C v P U  PFUOJUTIES 

In the current proposal, we lay out a strategy for identifying areas in the Central Valley of maximum 
importance with respect to the preservation of eight important watershed-dependent terrestrial species. 
The species we propose to study, like many~other species of special concern in the~central Valley, have 
fragmented distributions. Without knowing how populations are connected (both demographically and 
genetically) it is impossible to identify the spatial scale at which they should be managed. 'Some remnant 
populations may represent unique genetic units and be high conservation priorities; alternatively some 
small populations at risk of extirpation may be genetically similar to larger, stable populations elsewhere 
and therefore represent lower conservation priority. Our genetic techniques allow us to both identify 
unique units and assess levels of interchange between populations. This information on genetic and 
demographic processes can be directly incorporated into management plans to foster the most rapid 
recovery of these species. Importantly, by taking a cross taxonomic approach we hope to identify 
possible concordant patterns across taxa that will aid managers in making informed conservation 
decisions that maximize diversity across multiple taxa. 

1. ERP Goals 
Our proposal directly addresses three of the CALFED Ecosystem Restoration Program Goals: 

GOAL #1: At-Risk Species 
The species targeted are minimally designated as Species of Special Concern by the California 
Department of Fish and Game (see Study Species section for endangereathreatened 
classifications). The proposed project will identify management units of these important, at-risk, 
species. Identification of these units is a critical first step toward achieving recovery of these 
species, so that they can be removed from at-risk lists. Ultimately, the results of this project may 
serve as a model for establishing management units for species from varied taxonomic groups 
(e.g., fish, mammals). 

GOAL #2: Ecosystem Processes and Biotic Communities 
By identifying management units using gnetic markers we will help develop priority-setting 
strategies that preserve both the pattern of biodiversity in the Central Valley and the 
diversification process. Typically, priority-setting efforts to preserve particular species, give the 
greatest weight to areas where the species are found in greatest density. In the current proposal, 
we seek to identify particular populations of our target species with the greatest conservation 
value: Le., those exhibiting the greatest genetic distinctiveness. By preserving these distinct, 
diverse units, conservation efforts will succeed in preserving the biotic process that will enable 
the species to survive future threats. 

GOAL #4: Habitats 
Efforts to protect or restore functional habitat types throughout the Central Valley depend on the ability 
to establish priorities among and within these habitats. All of our target species are primary inhabitants 
of key habitats in the Central Valley: Riparian, Grasslands, Wetlands, Vernal Pools, and Aquatic 
Habitats. By identifying management units for the eight target species, the project will indicate priority 
areas of conservation (as well as areas of less importance). 
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2. Relationship to Other Ecosystem Restoration Projects 
The current proposal will play an important role in informing current CALFED-funded projects 
For example, our findings would provide important information to the overall Watershed 
“Action Plan” effort, as well as smaller-scale efforts like the Silver Creek Watershed 
Management and Action Plan, and the Nature Conservancy’s Site-Specific Management 
Planning on the Sacramento River project. 

I 
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QUALIFICATIONS 

The proposed research is an integrated analysis of population genetics, phylogenetics and 
demographics in representative terrestrial vertebrate groups at selected sites in California’s 
Central Valley. It is a cross-disciplinary effort requiring expertise in molecular genetics and the 
ecology of the-central valley’s birds and reptiles/amphibians. 
___--------_-______----- 
San Francisco State University - PI Thomas Smith 
Dr. Thomas Smith (team leader), has over two decades of experience in evolutionary ecology 
and molecular genetics as applied to natural populations. Currently Smith is Professor of 
Biology at SFSU and is a faculty member in the Center for Population Biology at UC Davis. He 
has extensive experience leading multi-institutional, cross-disciplinary projects, including a 
current NSF-funded, $2.6 million, four-university effort to study worldwide rainforest 
biodiversity . 
Dr. Smith earned his doctorate in Zoology at UC-Berkeley in 1988, where he remained forthree 
years as a postdoctoral researcher and Senior Fulbright Fellow. He is an elected fellow of the 
California Academy of Sciences (since 1994) and a senior fellow of the Zoological Society of 
London (since 1997). While his research has taken him to five continents, Dr. Smith remains 
committed to California conservation efforts, including service on various U.S. Fish and Wildlife 
Service recovery teams of endangered bird species and service on the PRBO board of directors. 
Combining molecular genetics with ecological expertise, Dr. Smith has more than 70 
publications, including a dozen in conservation genetics. Relevant publications are highlighted in 
the literature cited section. 

Other key SFSU personnel: 
Dr. Sonya Clegg, a recent graduate of U. of Queensland (Australia), and Dr. Irbv Lovette, a recent 
graduate of the U. of Pennsylvania, bring molecular genetics expertise to the project. Both have a 
backround in avian molecular genetics, with previous and current work spanning popu!ation to species 
level studies. Dr. Clegg will be at SFSU through November 2002 and Dr. Lovette will be at SFSU 
through September 2001. 

The Point Reyes Bird Observatory -PI Nadav Nur and co-PI Geoffrey Geupel 
The Point Reyes Bird Observatory (PR30) is a non-profit, membership organization founded in 
1965 with the mission to use science to conserve birds and their environment. PRBO leads various 
terrestrial research projects including: monitoring migratory birds in the Sacramento River National 
Wildlife Refuge; an assessment of songbird conservation in California’s Riparian Habitats; a tidal marsh 
bird project in the San Francisco Bay Region; and an assessment of bird abundance and diversity in the 
Redwood Creek Watershed. 

PRBO efforts to conduct bird sampling in the current proposal will be led by: 
Nadav Nur. Ph.D., Director of Population Ecology ,who has analyzed results from PRBO’s long 
term research and monitoring programs for landbirds and seabirds. Dr. Nur’s Research interests 
include developing and applying new statistical methods to the study of bird demography and 
development of population models io study the impact of toxic spills on bird populations. Dr. 
Nur is the author of over 45 peer-reviewed scientific articles and book chapters concerning avian 
population biology. Relevant publications are highlighted in the literature cited section. 

___--_________-___________ 
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Geoffrey Geupel, Director of Terrestrial Research and California Partners-in-Flight co-chair, whose 
current objective is to implement a habitat-based songbird monitoring program, to assist land managers 
in reversing population declines throughout the west. Mr. Geupel has been Principal Investigator on 
numerous projects concerning riparian birds throughout California. 

University of California-Davis: PI Brad Shaffer 
Dr. Brad Shaffer, Professor at the Center for Population Biology, studies the evolution and ecology of 
amphibians and reptiles, with a strong focus at the interface of molecular population genetics, 
systematics, and conservation biology.. Dr. Shaffer’s work has been extensively used by management 
agencies at both the state and federal level to help manage the several sensitive species of amphibians, 
reptiles and fishes. Current laboratory work uses new technologies in genotype screening of both 
mitochondrial and microsatellite nuclear DNA markers to understand the phylogeography of species 
ranging from freshwater turtles in Australia, the Amazon basin and the U.S. to declining amphibians in 
California, In addition to his molecular work, Dr. Shaffer also conducts toxicological and ecological 
work to help identify mechanisms responsible for population declines of California amphibians. Thus, 
his work covers the full spectrum of activities from the identification of significant management units of 
amphibians and reptiles across the Central Valley watershed to empirical analyses of the factors 
responsible for declines, with the goal of providing solid, defensible strategies for protecting key 
population segments and reversing patterns of declines. 

Dr. Shaffer earned his PhD in Evolutionary Biology from the University of Chicago in 1982, and 
pursued his postdoctoral research at the University of Wisconsin-Madison and the Field Museum 
of Natural History (Chicago). After two years on the UC-Irvine faculty, Dr. Shaffer moved to 
the Davis campus in 1988. In addition to his academic research, which has produced more than 
50 peer-reviewed publications, Dr. Shaffer has served on the Declining Amphibian Task Force 
of the CaliforniaNevada Workgroup, as well as the NBSBRD Workgroup to Develop a 
National Amphibian Monitoring System (1994-present). Relevant publications are highlighted in 
the literature cited section. 

______----_______-__-------. 
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BUDGET JUSTIFICATION 

The current proposal seeks three years of funding to identify management units of 8 species of 
conservation importance in the central valley. The investigation is a collaboration of San 
Francisco State University, the University of California-Davis, and the Point Reyes Bird 
Observatory, with SFSU as the lead institution and UCD and PRBO operating on sub-contracts. 
General responsibilities will be: 

SFSU general oversight and all avian molecular work 

UCD: all amphibian work (both field sampling and molecular work) 

Note that PRBO has only a two-year budget, as field sampling .(both avian and amphibian) will 
be conducted only in years one and two of the three year project. 

PRBO: all avian field sampling 

San Francisco State Universitv , 

1 )  SENIOR PERSONNEL $0 $0 $0 $0 
Year One Year Two Year Three Total 

Dr. Tom Smith will be the project director and will oversee all aspects of avian research. Dr. 
Smith's time is contributed. 

2) OTHER PERSONNEL $46,230 $48,542 $50,969 $145,741 
A post-doctoral researcher (to be named) will undertake the avian molecular work, including 
the development of microsatellite libraries, DNA sequencing, and analysis. The post-doc 
will be a full-time researcher at the CSU-mandated annual salary of $33,500, plus benefits of 
38%. An annual COLA (5%)  is built in to years two and three. 

Current senior SFSU post-docs Dr. Sonya Clegg and Dr. Irby Lovette will coordinate the 
avian genetic work at no cost to the project. 

C. LABORATORY COSTS $65,000 $25,000 $25,000 $1 15,000 
Genetic analyses (DNA sequencing) will be performed in the SFSU Conservation Genetics 
Lab for the four target avian species, at $32 per sample (includes DNA extraction, marker 
amplification and double-stranded sequencing on AB1 Prism 377 automated sequencer). 
For this purpose we seek $75,000, divided evenly over the three years (NB: the Smith Lab 
currently has sufficient samples of these species in a freezer allowing genetic work to begin 
immediately). In addition, we seek first-year funding for the development of four 
microsatellite libraries, at $10,000 per library (based on prior contracts with Genetic 
Identification Services, Inc. of Chatsworth, CA). 

D. INDIRECT COSTS (state) $22,438 $12,778 $1 1,395 $46,6 1 1 
(federal) $76,289 $43,445 $38,744 $158,478 

If project funds are from a state source; the SFSU indirect cost rate of 15% will apply; if 
funds are federal, SFSU's federally-negotiated indirect cost rate of 51% will apply. 
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_________--________ 
Sub-contract: Point Reyes Bird Observatory 

Year One Year Two Year Three Total 
A. SENIOR PERSONNEL $1,688 $1,772 $0 $3,460 

Dr. Nadav Nur, PRBO Population Ecology Program Director, and Geoffrey Geupel, PRBO 
Terrestrial Program Director, will oversee all avian field sampling. For each of the two years, 
0.33 months of salary for Dr. Nur is requested, with additional time contributed. Mr. 
Geupel's salary is contributed. A 5% COLA is sought in year two. 

B. OTHER PERSONNEL $8,618 $9,049 $0 $17,667 
Under the supervision of Mr. Geupel and Dr. Nur, two part-time (50% effort) field biologists 
will undertake avian field sampling for a four-month season in each of years one and two. A 
5% COLA is sought in year two. 

C. TRAVEL $2,500 $2;625 $0 $5,125 
Travel and field support for the sampling team in each of years one and two is requested, 

D. FIELD SUPPLIES $550 $578 $0 $1,128 
We request nominal funding for general field supplies (e.g., mist nets, compasses, calipers, 
field books). 

E. INDIRECT COSTS $3,873 $4,067 $0 $7,940 
Whether from federal or state sources, PRBO applies an indirect cost rate of 29%. 

-----___------______ 
Sub-contract: University of California, Davis 

A. SENIOR PERSONNEL 
Year One Year Two Year Three Total 
$0 $0 $0 $0 

Dr. Brad Shaffer will oversee all aspects of reptile and amphibian research. Dr. Shaffer's 
time is contributed. 

B. OTHER PERSONNEL $53,900 $56,056 $38,938 $148,894 
A post-doctoral researcher (to be named) will undertake the reptile/amphibian molecular 
work, including DNA sequencing, and analysis. Funding is sought for an annual salary 
starting at $30,000, plus benefits of 20%. An annual COLA (4%) is built in to years two and 
three. 

A graduate research assistant (PhD student) will coordinate all reptile and amphibian field 
sampling for two years, with stipendhenefits of $1 1,300 in year one. The GRA will be 
assisted in the summer sampling seasons by two undergraduate field assistants, who will each 
receive stipendbenefits of $3,300 for two months. Second year salaryhenefit levels reflect a 
4% COLA. 
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c .  TRAVEL $4,000 $4,000 $0 $8,000 
Travel and field support for the three-person sampling team (GRA and two undergrads) for 
two months in each of years one and two is requested at $2000/month. 

D. LABORATORY COSTS $36,000 $36,000 $36,000 $108,000 
Genetic analyses (microsatellite libraries, DNA sequencing, etc.) will be performed in the Dr. 
Shaffer's Molecular Genetics Lab for the four target reptile and amphibian species. We seek 
$3000/month for this purpose. 

E. OTHER $3,000 $3,120 $6,120 
Graduate Research Assistant student fees of $3,000 annually (plus 4% anticipated increase 
in year two) are requested. 

F: INDIRECT COSTS (state) $9,390 $9,606 $7,494 $26,490 
(federal) $43,664 $46,107 $36,345 $126,116 

If project funds are from a state source, the UCD indirect cost rate of 10% will apply to all 
direct costs (except student fees); if funds are federal, UCD's federally-negotiated indirect 
cost rate of approximately 48% (46.5% in year one; 48% in year two; 48.5% in year three) 
will apply to all direct costs (except student fees). 



W m  FEDERALINDIRECTCOST 
YEPR ITASK 1 Salary 1 Benefits 1 Travel IEquipmentl Supplies 1 Contracts I Other I id2 I TOTAL 

WITHSTATEINDIRECTCOST/ 
YEPR 1 TASK 1 Salanes and I 1 Travel IEquiprnentI Supplies I Conlracts I Other 1 id2 1 TOTAL 

/San Francisco State University 
BUDGET DETAIL 

I YR1 1 Y R 2  I YR3 1 TOTAL 1 
Personnel: 

$33.500/year (w/5% COLA) 
Post Doctoral Research Associate 

Fringe Benefits 38% 
Total SFSU Salaries 

Laboratory Costs: 
Microsatellite Libraries (4 libraries @ $10,000) 540.000 $40,000 
DNA sequencing, etc. $25,000 525.000 525,000 $75,000 
Total Reagents 
Total Direct Costs SFSU $111,230 $73,542 $75,969 $260,741 

$65,000 $25,000 $25,000 $115,000 

1 
Direct Costs, Sub-Contract: University of California, Davis 
Direct Costs, Sub-contract: Point Reyes Bird Observatory 1 513,356 $14,024 ~ 1 $27,380 ~ 

$96,900 $99,176 $74,938 $271,014 

Indirect Costs. Sub-Contract: UCD (10%) 
lndirects Costs. Sub-Contract: PRBO (29%) 
Indirect Costs. SFSU (15%) 
TOTAL INDIRECT COSTS, PROJECT 

1 $9,390 1 $9,606 I 57,494 I $26,490 1 
$1 1,395 $46.611 

$0 $7,940 

I $26,451 I $18,889 1 $81,041 $35,701 

Indirect Costs. Sub-Contract: UCD (46.5%-48.5%) 
indirect Costs. Sub-contract: PRBO (29%) 
Indirect Costs. SFSU (51%) 
TOTAL INDIRECT COSTS, PROJECT 

I ~ ~ 50 I 57.940 ~ 

$43,664 $46,107 $36,345 $126,116 
$3,873 54,067 
576.289 $43.445 538,744 5156.478 

$123,826 $93,619 $75,089 $292,534 



SUBCONTRACTBUDGETS 

Benefits 

Benefits 

Benefits 

Graduate Research Assistant 

Undergraduate Summer Assistants 

Total UCD Salaries 

Field Work: Central Vailey. CA 
S2lUmo . 2 monthsiyr 

Total UCD Travel 

Laboratory Costs: 

Total Laboratow Costs 
DNA sequencing, etc. 

Grad Student Fees 

I POINT REYES BIRD OBSERVATORY 
A. PM*O""el: 

Principal Investigator (0.33 monthdyr) 
Field Biologists 

Total PRBO Salaries 

$1.686 
9.618 

$1,772 
$9.049 

$10,306 $10,821 
$17,667 
521,127 

Total Travel 
Field Work: Central Valley. CA 

Field Supplies 

Total Supples 
Mist nek. etc. 

$2,500 
s2.625 $5.125 
52,625 55,125 

$550 
$1.128 
$1,128 

i i I I I I 
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CERTIFICATIONS REGARDING LOBBYING, DEBARMENT, SUSPENSION AND OTIIER 
RESPONSIBILITY MATTERS; AND DRUGFREE WORKPLACE REQUIREMENTS 

review the insmctions for certification included in the regulations before completing this form. S i g n m e  of this form provides for compliance with 
Applicants should refer to the regulations cited below to determine the certification to which they are required to attest. Applicants should also 

certification requirements under 34 C m  Part 82, "New Resmctions on Lobbying," and 34 CFR Part 85, "Government-wide Debarment and 
Suspension (Nonprocwement) and Government-wide Requirements for Drug-Free Workplace (Grants)." The certifications shall be treated ar a 
material representation offact upon which reliance will be placed when the Depamnent of Education determines to award the covered transaction. 
grant. or cooperative agreement. 

1. LOBBYING 

AS required by Section 1352, Title 31 of the US. Code, and 
implemented at 34 CFR P H  82, for persons entering into a grant or 
cooperative agreement over $100,000, as defined at 34 CFR P a  82, 
Sections 82.105 and 82.110. the applicant certifies that: 

(a) No Federal appropriated funds have been paid or will be paid, by or 
on behalf of the undersigned, to any person for influencing or 
attempting to influence an officer or employee of any agency, a Member 
of Congress, an officer or employee of Congress. or an employee of a 
Member of Congress in connection with the making of any Federal 
grant. the entering into of any cooperative agreement, and the extension, 
continuation, renewal, amendment, or modification of any Federal grant 
or cooperative agreement; 

(b) If any funds other than Fed& appropriated funds have been paid or 
will be paid to any person for influencing or attempting to influence an 
officer or employee of any agency, a Member of Congress, an officer or 
employee of Congress, or an employee of a Member of Congress in 
connection with this Federal grant or cooperative agreement, the 
undersigned shall complete and submit Standard Form - LLL, 
"Disclosure Form to Report Lobbying," in accordance with its 
insmctions: 

(c) The undersigned shall require that the language of this certification 
be included in the award documents for all subawards at all tiers 
(including subgrants, contracts under grants and cooperative 
agreements, and subcontracts) and that all subrecipients shall certify 
and disclose accordingly. 

2. DEBARMENT, SUSPENSION, AND OTIIER 
RESPONSIBILITY MATTERS 

As required by Executive Order 17.549, Debarment and Suspension, and 
implemented at 34 CFR Part 85. for prospective partkipants in primary 
covered transactions. as defined at 34 CFR Part 85, Sections 85.105 and 
85.110.- 

A. The applicant certifies that it and its principals: 

(a) Are not presently debarred, suspended, proposed for debarment, 
declared ineligible. or voluntarily excluded from covered transactions 
by any Federal depamnent or agency: 

(b) Have not within a three-year period preceding this application been 
convicted of or had a civil judgement rendered agaiost them for 
commissioo of fraud or a criminal offense in connection with obtaining, 
attempting to obtain, or performing apublic (Federal, State, or local) 
transaction or contract under a public transaction: violation of Federal 
or State antimst statutes or commission of embezziement, theft, 
forgery, bribery, falsification or desmction of records, making false 
statements, or receiving stolen propeny: 

:c) Are not presently indicted for or otherwise criminally or civilly 
charged by a governmental entity (Federal, State. or local) with 
commission of any of the offenses enummted in paragraph (2)(b) of 
this certification: and 

(d) Have not within a three-year period preceding this application had 
one or more public transaction (Federal, State, or local) terminated for 
cause or default; and 

B. Where the applicant is unable to cemfy to any of the statements in 
this certification, he or she shall attach an 
explanation to this application. 

3. DRUG-FREE WORKPLACE 
(GRANTEES OTBER THAN INDIVIDUALS) 

As required by the Drug-Free Workplace Act of 1988, and implemented 
at 34 CFR Part 85. Subpart F, for grantees, as defined at 34 CFR Part 
85, Sections 85.605 and 85.610 - 
A. ?be applicant certifies that it will or will continue to provide a drug- 
free workplace by: 

(a) Publishing a statement notifying employees that the unlawful 
manufacture, distribution, dispensing, possession, or use of a controlled 
substance is prohibited in the grantee's workplace and specifying the 
actions that will be taken against employees for violation of such 
prohibition: 

(b) Establishing an on-going drug-free awareness program to inform 
employees about: 

(1) The dangers of drug abuse in the workplace: 

(2) The grantee's policy of maintaining a drug-free workplace; 

(3) Any available drug counseling, rehabilitation, and employee 
assistance programs; and 

(4) The penalties that may be imposed upon employees for drug abuse 
violations occumng in the workplace: 

(c) Making it a requirement that each employee to be engaged in the 
performance of the grant be given a copy of the statement required by 
paragraph (a); 

(d) Notifying the employee in the statement required by paragaph (a) 
that, as B condition of employnent under the grant, the employee will: 

(1) Abide by the t e r n  of the statement: and 

(2) Notify the employer in writing of his or her conviction for a 
violation of a criminal drug staNte occurring in the workplace no later 
than five calendar davs after such conviction: 



(e) Notifying thvagency, in writing, within 10 calendar days after 
receiving notice under subpanpph  (d)(2) from an employee or 
othe-se receiving actual notice of such conviction. Employers of 
convicted employees must provide notice, including position title, u): 
Director. Grants Policy and Oversight Staff, US. Deparrmeut of 
Education, 400 Maryland Avenue, S.W. (Room 3652, GSA Regional 
Office Building No. 3), Washington, DC 20202-4248. Notice shall 
include the identification numberts) of each affected granc 

(0 Taking one of the following actions. within 30 calendar days of 
receiving notice under subparagraph (d)(2). with respect to any 
employee who is so couvicted: 

(1) Taking appropriate personnel action against such an employee, up to 
and including termination, consistent with the requirements of the 
Rehabilitation Act of 1973, as amended; or 

(2) Requiring such employee to participate satisfactorily in a drug abuse 
assistance or rehabilitation program approved for such purposes by a 
Federal. State, or local health, law enforcemen4 or other appropriate 
agency; 

(g) Making a good faith effort to continue to maintain a 
drug-free worlrplace through implementation of pangraphs 
(a), (b), (c). ( 0 ,  (e), and (0. 

B. ?he grantee may insen in the space provided below the si@s) for the 
performance of work done in connection with the specific grant: 

Place o f P e r f o m c e  (Street address. city, county, state. zip code) 

SFSU 

1600 Holloway Ave. 

San Francisco, CA 941 32 

Check [ I if there are workplaces on file that are not identified here. 
DRUGFREE WORICPLACE 
(GRANTEES WE0 ARE INDIVIDUALS) 

As required by the Drug-Free Workplace Act of 1988, and implemented 
at 34 CFR Part 85, Subpart F, for grantees. as defined at 34 CFR Part 
85, Sections 85.605 and 85.610- 

A. As a condition of the grant, I certify that I will not engage in the 
unlawfd manufacture, disuibution. dispensing, possession. or use 
of a conuolled substance in conducting any activity with the grant; 
and 

B. If convicted of a criminal drug offense resulting from a violation 
occurring during the conduct of any grant activity, I will report the 
conviction. in writing, within 10 calendar days of the conviction, 
to: Director, Grants Policy and Oversight Staff, Depamnent of 
Education, 400 Maryland Avenue. S.W. (Room 3652, GSA 
Regional Office Building No. 3), Washington, DC 20202-4248. 
Notice shall include the identification number(s) of each affected 
grant. 

AS the duly authorized representative of the applicant, I hereby certify that the applicant will comply with the above certifications. 

NAME OF APPLICANT PWAWARD NUMBER AND I OR PROJECT NAME I 
San Francisco State University CALFED I 

PRINTED NAME AND TITLE OF AUTHORIZED REPRESENTATIVE 

Bruce Macher. Associate Dean, Research 

ED 80-0013 12198 



Certification Regai-ding Debarment, Suspension, Ineligibility and Voluntary Exclusion -- 
Lower Tier Covered Transactions 

lhis catificatilan is r q i d  by the Dcpamnent of Education regdstions implementiog Exec"tivc Order 12549. Debment and Surpmian. 34 Cm Pan 85, for U 10- 
tier rransactions m&ng the h h d d  and tier rapiremenu stated at Section 85.1 IO. 

Certification 
(1) The prospective lower tier partidpant oenifies. by subminrion of this p'oporal. lhat neither it nor iu principb are p ~ m d y  debarred. suspended proposed for 

debarment. declared ineli@blblq or voiuntaiiiy excluded fmm paniciparioa in this aansvction by any Fed& depamnent or agency. 

(2) where the prospective lowv tier participant is m b l e  10 certify to acy of the mtcmentr in &is eenification. such prospective participaot shail amch an 
explanation to this p r o w .  

NAME OF APPLICANT PWAWARD NUMBFA AND/OR PROIECT NAME 

San Francisco State University CALFELI 

PRINTED NAME AND TITLE OF AUTHORaED REPRESENTAT&% 

Bruce Macher, Associate Dean, Research 

SIGNATURE DATE 

9 L e  
v I .  

ED W 1 4 .  9/W (Repiaces G C S W  (REV.iu88). which is obsolete) 
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ASSURANCES - NON-CONSTRUCTION PROGRAMS 
Public reporting burden for this collection of information is estimated to average 15 minutes per response, including time for reviewing insmctions. 
searching existing data sour~ces. gathering and mainraioing the data needed. and completing and reviewing the collection of i n f o d o n .  Send comments 
regarding the burden estimate or any other aspect of lhis collection of infomation. including suggestions for reducing this burden, to the Office Of 
Management and Budget, Paperwork Reduction Project (0348-w40), Washington. DC 20503 

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND 
BUDGET. SEND IT TO THE ADDRESS PROVIDED BY THE SPONSORING AGENCY. 

Note: Cemin of these assurances may not be applicable to your project or progam. If you have questions, please contact the awarding agency. 
Further, cmain Federal awarding agencies may require applicants to c d f y  to additional assurances. If such is lhe case, you will be notified. 

As the duly authorized representative of the applicant I certify that the applicant: 

1. Has the legal authority 10 apply for Federal assistance, and the 
institutional, managed and financial capability (including funds 
sufficient to pay the non-Federal share of project cost) to ensure 
proper planning, management, and completion of the project 
described in t h i s  application. 

2. Will give the awarding agency, the Comptoller General of the 
Uuited Sta[es, and if appropriate, the Stafe, through any authorized 
representative, access to and the right to examine all records, 
boob, papers, or documents related to the award; and will 
establish aproper accounting system in accordance with generally 
accepted accounting Standards or agency directives. 

3. Will establish safeguards 10 prohibit employees from using their 
positions for a purpose that constimtes or presents the appeannce 
of personal or organizational conflict of interest. or personal gain. 

4. Will initiate and complete the work within the applicable time 
frame after receipt of approval of the awarding agency. 

5. Will comply with the Intergovemmeqtal Personnel Act of 1970 (42 
U.S.C. 4728-4763) relating to prescribed standards for merit 
system for prognms funded under one of the 19 statutes or 
regulations specified in Appendix A of OPMs Standards for a 
Merit System of Personnel Adminismtion (5  C.F.R. 9CQ, Subpart 
F). 

6. Will comply with all Federal s w t e s  relating to nondiscrimination. 
These include but are not limited to: (a) Title VI of the Civil 
Rights Act of 1964 (P.L. 88.352) which prohibits discrimination 
on the basis of race, color or national origin; (b) Title !.X of the 
Education Amendments of 1972, as amended (20 U.S.C. 1681- 
1683. and 1685-1686). which prohibits discrimination on the basis 
of sex; (c) Section 504 of the Rehabilitation Act of 1973, as 

basis of handicaps: (d) the Age Discrimination Act of 1975, as 
amended (29 U.S.C. 794), which prohibits discrimination on the 

mended (42 U.S.C. 6101-6107). which prahibits 
discrimination on the basis of age; (e) the Drug Abuse Office and 
Treatment Act of 1972 (P.L. 92-255), as amended. relating to 
noodiscrimination on the basis of drug abuse; (0 the 
Comprehensive Alcohol Abuse and Alcoholism Prevention. 
Treatment and Rehabilitation Act of 1970 (P.L. 91-616), as 
mended. relating to nondiscrimination on the basis of alcohol 
abuse or alcoholism; (g) 523 and 527 of the Public Health 
Service Act of 1912 (42.U.S.C. 290 dd-3 and 290 ee 3). as 
amended, relating to confidentiality of alcohol and drug abuse 
patient records; (h) Title Wr of the Civil Rights Act of 1968 (42 
U.S.C. 3601 ct seq.), as amended, relating to nondiscrimination 
in the sale, rental or financing of housing; (i) any other 
nondiscrimination provisions in the specific statute(s) under which 

application for Federal assistance is being, made: and 0) the 
requuements of any other nondisaimhation sWte(s) which may 
apply to the application. 

7. Will comply, or has already complied, with the requirements of 
Titles II and III of the uniform Relocation Assistance and Real 
Property Acquisition Policies Act of 1970 (P.L. 91-646) which 
provide for fair and equitable tzestment of persons displaced or 
whose property is acquired as a result of Federal or federally 
assisted programs. Tbese requiremenm apply to all interests in real 
property acquired for project purposes regardless of Federal 
participation in purchases. 

8. Will comply, as applicable, with the provisions of the Hatch Act 
(5 U.S.C. 1501-1508 and 7324-7328) which limit the political 
activities of employees whose principal employment activities are 
funded in whole 01 in part with Federal funds. 

9. will comply, as applicable, with the provisions of theDavis-Bacon 
Act (40 U.S.C. 276a to 276a-7), the Copeland Act (40 U.S.C. 
2 7 6 ~  and 18 U.S.C. 874) and the Contract Work Hours and 
Safety Standards Act (40 U.S.C. 327-333), regarding labor 
standards for federally assisted conshuction subagreements. 

10. Will comply, if applicable, with flood insvrance purchase 
requirements of Section 102(a) of the Flood Disaster Protection 
Act of 1973 (P.L. 93-234) which requires recipients in a special 
flood hazard area to participate in the prognm and to purchase 
flood insurance if the t o w  cost of insurable conshuction and 
acquisition is $10,000 ormore. 

11. Will comply with environmental standards which may be 
prescribed pursuant to the following: (a) institution of 
environmental quality contml measures under the National 
Environmental Policy Act of 1969 (P.L. 91-190) and Executive 
Order (EO) 11514: (b) notificadon of violating facilities pursuant 
to SO 11738: (c) protection of wetlands pursuant to EO I1990 (d) 
evaluation of flood hazards in floodplains in accordance with EO 
11988: (e) assurance of project consistency with the approved 

Management Act of 1972 (16 U.S.C. 1451 et seq.); (0 
State management program developed under the Coastal Zone 

conformity of Fedaal actions to State (Clear A i r )  Lmplementation 
Plans under Section 176(c) of rhe Clear Air Act of 1955, as 
amended (42 U.S.C. 7401 et seq.); (g) protection of 
underground sources of drinking water under the Safe Drinlcing 
Water Act of 1974, as mended, (P.L. 93-523); and (h) protection 
of endangered species under the Endangered Species Act of 1973, 
as amended, (P.L. 93-205). 
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12 Will comply with the Wild and Scenic Rivers Act of 1968 (16 
U.S.C. 1721 et seq.) related to protecting components or 
potential components of the national wild and scenic riven system. 

13. Will assist the awarding agmcy io assuring compliance with 
Section 106 of the Nadonal Historic preservation Act of 1966, as 
amended (16 U.S.C. 470). EO 11593 (identification and 
protection of historic properties), and the Archaeological and 
Historic Preservation Act of 1974 (16 U.S.C. 469 a-I et req.). 

14. Will comply with P.L. 93-348 regarding the protection of human 
subjects involved in research. development, and related acdviries 
supported by this award of assistance. 

15. Will comply with the Laboratory Animal Welfare Act of 1966 
(PL. 89-544, as amended, 7 U.S.C. 2131 et seq.) pertaining to 
the c a r e ,  handling, and @eabmtt of warm blooded aoimals held far 

research, teaching, or other activities supported by t h i s  award of 
assistance. 

16. Will comply with the Lead-Based Paint Poisoning Prevention Act 

paint in conrrmction or rehabilitation of residence smctures. 
(42 U.S.C. 4801 et seq.) which prohibits the use oflead- based 

17. Will came to be performed the required financial and compliance 
audits in accordance with the Single Audit Act Amendments of 

Governments. and NOD-Profit Organizations. 
1996 and OMB Circular No. A-133, Audits of States, Local 

18. Will comply with all applicable requirements of all other Federal 
laws. executive orders. regulations and policies governing this 
program- 
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